This paper describes both the hardware and the software which have been developed to implement a nuclear instrument calibration system for the Argonne National Laboratory ZPR-VI and ZPR-IX reactor complex. A complete report on each instrument is printed as a result of the calibration and out-of-tolerance readings are flagged. Operator interface is provided by a CAMAC-controlled Hazeltine terminal. The tarminal display leads the. operator through the complete calibration procedure.
Introduction
To comply with operating regulations imposed by the Nuclear Regulatory Commission and an internal Reactor Safety Review Committee, the nuclear instruments used for reactor operation and control at the Argonne National Laboratory Zero Power Reactor complex (ZPR-VI and ZPR-IX) are required to have all of their basic operating characteristics measured, compared to specified tolerance values, and recorded. These basic operating characteristics include dc output voltages, RMS noise levels, risetime, trip time and bucking current characteristics. On logarithmic-response instruments the volts-per-decade constant, logarithmic accuracy, and period output are also measured. All of the above parameters are measured over an input current span of 10-11 to 10-4 amperes for a number of specified ac line voltages.
Manual calibration and record keeping has typicallyrequired between three and four hours per instrument, resulting in long reactor downtimes and interference with the experimental program. In addition, the records generated by this method do not lend themselves to rapid intercomparisons.
To eliminate the shortcomings of the manual methods of instrument calibration, a computer-controlled, semi-automatic calibration system has been developed. This system is interfaced to its control computer by a CAMAC system and provides for operator interaction through the use of a CAMAC-interfaced CRT terminal operating in a form-fill (foreground-background) mode. The use of this mode of operation leads the operator through the complete calibration, which thus allows its operation by personnel unfamiliar with the electronic circuitry of the instrument under test.
A block diagram of the system is given in Fig. 1 This paper will discuss the design details of the hardware controller including its self-calibrating features. It will also discuss the software design, including the assembly language drivers, the Fortran subroutines, the CAMAC interfaces, and the overall system operation.
At the present time, the system is used to calibrate picoammeters and high-voltage power supplies. Ithas successfully generated the exponential currents required to calibrate Log-N period meters, but the necessary modifications to the system hardware to automatically switch between two output signals (Log-N 
1)
A, command consisting of 24 bits of data accompanied by a strobe pulse is received from the computer.
2) UJpon receipt of the strobe pulse the data is decoded and appropriate signals generated to the instrument under test and the measurement system.
3) Oul-put data is made available to the computer via a CAMAC input port and a LAM signal is generated.
4)
The controller then awaits the next command.
Input Section
The input section consists of a set of line receivers designed to accept the outputs of a CAMAC output register. Analog Signal Generator
The analog signal consists of the digital-to-analog converter and its associated amplifiers, the currentdetermining resistors, and the associated relays and solid-state switches. For the purposes of testing reactor instruments in which the input connects directly to the summing junction of an operational amplifier, an adequate current source consists of a voltage supply and series resistor. Therefore, in this controller the voltage source is the D-A converter and the proper resistance value is selected by the control word. A range of currents from l0-1lA to 10-4A can be generated by suitable selection of voltage and resistance.
To help insure accurate current generation into the summing junction of the instrument under test, the operator is prompted to zero the instrument. The amplifier output is tested by the system and the calibration will not proceed until a proper zero has been achieved.
Command Decoders
The command decoders for the current-forming resistor selection, the instrument-under-test line voltage selection, and the self-calibration selection are N line to M line converters (3 to 8 or 2 to 4). The input word is directly executed upon receipt of the strobe pulse.
If a risetime measurement is selected, however, the strobe pulse causes the following sequence:
1)
The input voltage to the current-forming network is removed and a three-second delay implemented to allow the instrument under test to stabilize.
2) The voltage is reapplied to the currentdetermining resistor.
3) A scaler is started when the output voltage reaches 1.0 volt and stopped when the output voltage reaches 9.0, corresponding to a 10-90% risetime measurement.
4)
The trip timer is started at the 1. 0 volt level and turned off when the output relay drops out.
5)
After a 10-second delay to allow sufficient time for the test the scaler output is placed in the output bus by the output multiplexer and read by the computer.
6)
If a trip-time readout were desired at this time, the software would deliver a trip-time command to place the output of the trip-time scaler onto the output bus.
The test command causes the input to the risetime comparators to be connected to the output of the D-A converter and the output from the comparators to be connected to the output bus. The software then checks the comparators for operation at 1. OV and 9 . OV.
Parameter Measurement System
The parameter measurement system consists of the digital voltmeter, the risetime comparators, timers, the trip-time timer, and the RMS to DC converter.
The output from the instrument under test is connected to the following points in the controller:
The DVM input selection switch
2)
The RMS to DC converter
3)
The risetime comparators
As the test of a particular range on the instrument under test progresses, the digital voltmeter input is switched to the desired signal source.
A separate pair of wires is run from a spare set of contacts on a trip relay to the trip-time control.
The test of a particular range of a picoammeter would proceed as follows:
1)
An ac line voltage of 95 volts is selected.
2)
Various values of input current are generated, and the output voltage and the RMS noise voltage are recorded for each value.
3) A risetime measurement is performed.
4)
The above steps are repeated for 117 Vac and 135 Vac.
5)
The above sequence is repeated for the next range to be tested.
In implementing this system, we have elected to use an external DVM to measure the required parameters because of the ease of providing NBS traceability for such a DVM. The other parameters in the system that must be calibrated are the oscillator for the risetime timer and the current-determining resistors.
The internal oscillator's calibration is checked with a traceable counter timer. The current-forming re sistors can be measured without removing them from the chassis by means of a connector arrangement.
Output Multiplexers and Line Drivers
The digital output of the DVM is converted to a binary value and latched in a tri-state buffer. When an out-of-tolerance value is detected, the operator has the option to continue the calibration, to restart the calibration or to terminate the calibration and enter a maintenance routine. The maintenance routine is provided to allow the operator to make any given measurement for diagnostic purposes.
After the measurements are made, the system then enters a print cycle whereupon an appropriately formatted report is printed on the system line printer (see appendix). This report includes all operator input parameters as well as the flagging and delineation of all parameters which are outside of specified tolerances. Due to its completeness, the report is appropriate for interrogation by technical as well as auditing personnel.
Conclusion
This computer-controlled calibration system has resulted in a significant savings in the time required to calibrate instruments. By providing printed records with any out-of-range values flagged, the system has improved the task of maintaining long-term instrument calibration logs. Future development of the system will include calibrating pulse mode instruments and recording the system data on magnetic tape to provide a rapid means of observing long-term parameter drift.
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